Rationale: Staphylococcus aureus is commonly cultured from the sputum of patients with bronchiectasis; however, little is known about the prevalence of the organism in these patients, the characteristics of patients who have grown the organism, or its implications.
Results: S. aureus was cultured from 94 of 830 patients (11.3%) included in the analysis. Patients who had grown S. aureus before entry into the Registry had a frequency of prior exacerbations and baseline pulmonary function that was between that of patients who had grown NF-GNB and those who had grown neither NF-GNB or S. aureus. Similarly, at the first follow-up visit after study entry, patients who had grown S. aureus had a frequency of exacerbations and hospitalizations that was between those of patients who had grown NF-GNB and those who had grown neither NF-GNB nor S. aureus. However, in multivariate analysis, S. aureus was not associated with pulmonary function, frequency of exacerbation, or hospital admissions. There were no significant differences in patient characteristics or outcomes between patients who had methicillin-sensitive and methicillin-resistant S. aureus.
Conclusions: Staphylococcus aureus does not appear to be an independent risk factor for severe disease in patients with bronchiectasis enrolled in the Bronchiectasis Research Registry.
Keywords: bronchiectasis; Staphylococcus aureus; methicillinresistant Staphylococcus aureus (Received in original form June 2, 2017; accepted in final form January 2, 2018 ) Supported by the COPD Foundation.
Author Contributions: All authors contributed in each of the following manners: substantial contributions to the conception or design of the work; or the acquisition, analysis, or interpretation of data for the work; and drafting the work or revising it critically for important intellectual content; and final approval of the version to be published; and agreement to be accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of any part of the work are appropriately investigated and resolved.
Bronchiectasis is a condition characterized by irreversible dilatation of the airways with chronic cough and sputum production. Most patients have chronic airway infection leading to recurrent exacerbations, thus creating a "vicious cycle" of inflammation, infection, and progressive airway damage (1) . It is well known that patients with bronchiectasis and chronic Pseudomonas infection generally have more severe disease and a worse prognosis compared with patients without Pseudomonas infection (2). Less is known about the relationship between infection with other specific organisms and the severity and prognosis of bronchiectasis, although Haemophilus influenzae, the most commonly isolated organism in patients with bronchiectasis, is associated with less severe disease than Pseudomonas (3). Patients who have had isolation of any pathogenic organism are at greater risk of mortality and exacerbations than patients who have never grown a pathogen (4) .
Staphylococcus aureus is sometimes isolated from the respiratory secretions of patients with bronchiectasis (3-6). However, there are limited data describing the characteristics of patients infected with S. aureus or the clinical implications of such infection, and the reported frequency of isolation has been variable (6) . The limited data suggest that the organism may be associated with more severe disease (4), and unrecognized cystic fibrosis and allergic bronchopulmonary aspergillosis (5); however, no studies have included large numbers of patients with S. aureus. Data regarding the prevalence and effects of methicillin-resistant S. aureus are also limited. The increasing prevalence of methicillin-resistant Staphylococcus aureus (MRSA) in cystic fibrosis (CF) (7, 8) , and its correlation with worsened outcomes (9), raises concern regarding this pathogen in bronchiectasis.
The U.S. Bronchiectasis Research Registry (BRR) collects data on patients with non-cystic fibrosis from 13 participating sites across the country (10) . To better understand the prevalence and epidemiology of S. aureus in bronchiectasis, as well as the relationship between S. aureus and the severity and prognosis of bronchiectasis, we compared subjects enrolled in the BRR with and without S. aureus infection with respect to severity of disease and short-term prognosis.
Methods
The BRR is a centralized database of patients with non-cystic fibrosis bronchiectasis identified at 13 clinical sites throughout the United States (see https://www.copdfoundation. org/Research/Bronchiectasis-ResearchRegistry/Learn-More.aspx). The BRR is sponsored by the COPD Foundation, a 501(c) (3) nonprofit organization. Patients were enrolled beginning in 2008 and follow-up data may be submitted yearly for as long as patients consent to remain in the Registry. At the time that the analyses in this article were performed in 2013, 1,467 patients had been enrolled. Adult patients with a physician-established diagnosis of non-cystic fibrosis bronchiectasis were eligible for inclusion. The institutional review board of each participating site approved the study as did an administrative institutional review board for the datacollecting center. After providing informed consent, enrolled subjects and/or their medical records were queried by a study coordinator or principal investigator to obtain demographic, clinical, laboratory, microbiologic, spirometric, imaging, and treatment information, using standardized recording forms. Cystic fibrosis status was established on the basis of clinical history, sweat chloride results, and/or genetic testing results at the time of enrollment into the BRR. Exacerbations were recorded on the basis of historical information and were identified on the basis of the definition of O'Donnell and colleagues (11) . Data were entered through a centralized web-based entry system at the University of North Carolina. Spirometry pre-and post-bronchodilator results were abstracted from patient records.
Microbiology
A maximum of three respiratory culture results were abstracted between the 2 years before, and 90 days after, enrollment, defined as the baseline period. We calculated the prevalence of positive microbial cultures for all patients with culture information during the baseline period, and we further stratified these results on the basis of patient nontuberculous mycobacteria (NTM) status. For the purposes of this analysis, we defined "patients with NTM" as those with either a reported history of pulmonary NTM disease before enrollment and/or those with one or more NTM isolates in respiratory specimen cultures within the baseline period.
Study Population
Only patients who had at least one sputum culture during the baseline period were included in the study. Patients were placed into one of three cohorts, based on their baseline sputum culture results: 1) the S. aureus cohort if any baseline culture grew S. aureus; 2) the no Pseudomonas, Burkholderia, Stenotrophomonas, no S. aureus cohort if none of these organisms were isolated from baseline cultures; or 3) the Pseudomonas, Burkholderia, Stenotrophomonas cohort if one of these organisms was cultured, but not S. aureus. Patients with Stenotrophomonas were grouped with patients with Pseudomonas on the basis of studies in cystic fibrosis demonstrating worsened outcomes in patients infected with Stenotrophomonas, similar to what is seen with Pseudomonas (12) (13) (14) .
Patients with S. aureus were subdivided into MRSA and methicillinsusceptible Staphylococcus aureus (MSSA) for further analyses. Patients not placed into one of the three cohorts were excluded, as well as patients who had at least one sweat chloride result equal to or greater than 60 mEq/L or two cystic fibrosis transmembrane conductance receptor mutations detected by genetic testing. The study population was also restricted to patients who had a follow-up visit within 3 years of their baseline visit.
Statistical Analyses
The three cohorts were compared by x 2 tests for categorical variables and KruskalWallis tests for continuous variables. For those comparisons that revealed a statistically significant difference, Dunn's nonparametric post hoc test was used for continuous variables, and comparison of standardized residuals was used for categorical variables, to determine which of the three cohorts differed significantly from the others. For the comparison of MRSA versus MSSA, Fisher's exact tests and Wilcoxon rank-sum tests were used for categorical and continuous variables, respectively. Poisson regression was used to further investigate the relationship between patients' baseline culture status and the frequency of hospitalizations and exacerbations after enrollment. To control for overdispersion, we included a multiplicative scale factor on the variance.
Linear regression was used to analyze the association between baseline culture ORIGINAL RESEARCH status and change in FEV 1 after enrollment. All three models were adjusted for baseline characteristics including sex, age at enrollment, smoking status, whether the subject had any pulmonary exacerbations in the 2 years before baseline, the prebronchodilator FEV 1 measurement (L) at baseline, and the number of days between baseline and either the first follow-up visit (for exacerbations and hospitalizations) or the first follow-up FEV 1 measurement.
Results
We included 830 subjects in the study (Figure 1 ). Table 1 demonstrates the demographic data and clinical characteristics of the study population. As can be seen, nontuberculous mycobacterial (NTM) infection was common in this population, reflecting selection bias due to expertise in NTM infection at several of the institutions participating in the BRR. The population is predominantly female with a mean age of 64 6 14 years. Most patients had suffered from an exacerbation during the 2 years before enrollment, and the mean FEV 1 was 70% of predicted. Table 2 shows the baseline patient characteristics in the three study cohorts. Among the 830 included patients, 94 (11.3%) grew S. aureus at least once during their baseline period. Thirty-two (34%) of these patients also grew either Pseudomonas, Stenotrophomonas, or Burkholderia. Among the 299 patients in the Pseudomonas, Stenotrophomonas, or Burkholderia group, 272 grew Pseudomonas, 39 grew Stenotrophomonas, and 2 grew Burkholderia (sum is greater than 299 as some patients grew more than one of these organisms).
Patients who grew S. aureus were less likely to be female than those without growth of the targeted gram-negative pathogens, but similar to the other groups with respect to age at enrollment and age at diagnosis of bronchiectasis. Nonetheless, patients who grew S. aureus were more likely to have had a pulmonary exacerbation during the prior 2 years and had a somewhat lower mean prebronchodilator FEV 1 than the group that had not grown any of the targeted pathogens. Antimicrobial sensitivities were available for 67 of the patients who grew S. aureus. In 22 (33%), at least one S. aureus isolate was MRSA. There were no significant differences between patients who grew MRSA versus MSSA with respect to sex distribution, age at enrollment, age at diagnosis, tobacco use, number of exacerbations during the prior 2 years, or prebronchodilator FEV 1 (see Table E1 in the online supplement). Among the 94 patients who had grown S. aureus at baseline, 43 (46%) had data from at least 
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one subsequent culture available at the time of the first follow-up visit. Among these 43 patients, 22 (51%) grew S. aureus at least once. Table 3 demonstrates the frequency of exacerbations and hospitalizations and change in FEV 1 after enrollment. Patients who had S. aureus cultured during the baseline period had mean rates of exacerbation and hospitalization that were between those of patients who grew none of the targeted pathogens and those who grew the targeted gram-negative pathogens. There was no significant difference in the amount of decline in FEV 1 between the three groups. Multivariable analysis (Table 4 ) demonstrated that after adjustment for patient characteristics and length of time between the baseline visit and the first follow-up visit, there were no significant differences in outcomes between patients who grew S. aureus and those who grew none of the targeted pathogens, for number of exacerbations (rate ratio, 1.20; 95% confidence interval [CI], 0.82-1.76), for number of hospitalizations (rate ratio, 0.98; 95% CI, 0.49-1.98), or for mean change in FEV 1 , -0.06 L (95% CI, -0.17 to 0.06). There were no differences in these outcomes between patients with MRSA versus those with MSSA, although our statistical power to detect such differences was limited because of the small numbers (Table E2) .
We repeated the analyses shown in Tables 2 and 3 , after excluding from the S. aureus group the 32 patients who had grown both S. aureus and Pseudomonas, Stenotrophomonas, or Burkholderia before enrollment in the Registry and found no significant changes in the results when compared with the analyses presented (results not presented).
Discussion
In this study of 830 BRR patients with non-CF bronchiectasis, we found that 11.3% of the patients had S. aureus isolated from their sputum at least once during the period encompassing 2 years before through 90 days after their initial study visit. Approximately one-third of these isolates were MRSA. The frequency of S. aureus infection we found was similar to some prior reports. Miao and colleagues performed a meta-analysis of studies assessing the frequency of pathogen isolation in bronchiectasis and found that 12% of patients with a pathogen isolated from sputum grew S. aureus, whereas only 5% of positive cultures from bronchoalveolar lavage samples were S. aureus (6). Shah and colleagues isolated S. aureus from 28 of 74 patients (37.8%) (5). These results appear to represent an outlier, perhaps because only patients with multiple sputum cultures were enrolled, likely increasing the chances of detecting temporary infection. Only 12 (16.2%) were chronically infected. Others have reported a lower prevalence of S. aureus isolates, of 4-7% (3, 15, 16) . With respect to MRSA, most studies have not distinguished between MSSA and MRSA in their reported data. However, in the multicenter European cohort studied by Chalmers and colleagues, S. aureus was cultured from 51 of 608 (8.4%), of which 8 (15.7%) were MRSA (4) .
Although patients in our study who grew S. aureus were demographically similar to patients in the other groups, they were more likely to have had an exacerbation before study enrollment, and had a lower FEV 1 than patients who had grown neither S. aureus or Pseudomonas/ Stenotrophomonas/Burkholderia. During follow-up, they had a higher unadjusted 57 (16) 54 (18) 54 ( ORIGINAL RESEARCH rate of exacerbation and hospitalization, but these differences were not present after adjustment for baseline characteristics and time between baseline and first follow-up visits. These results suggest that colonization or infection with S. aureus might be a marker for more severe disease, but does not support a causal link between S. aureus and worsened outcomes for patients with bronchiectasis. There were no significant differences in patient characteristics or short-term outcomes between patients who grew MRSA versus those who grew MSSA, although our statistical power to detect such differences was limited by the relatively small sample size.
There are some limitations of our study. Our study population consisted of patients being seen at specialized bronchiectasis centers, and had a large percentage of patients who had previously had a positive nontuberculous mycobacterial culture and thus are likely not representative of all U.S. patients with bronchiectasis . The culture data were obtained from samples that had been obtained for clinical indications; no cultures were done solely for the BRR. The performance of repeated cultures on a scheduled basis might have detected S. aureus more frequently, as there can be transient infection/colonization. A substantial number of patients were lost to follow-up after the baseline visit, and this might have biased the results. Had we monitored patients for a longer time period than just the first follow-up visit, we might have seen more significant differences within the patient population. Because not all patients had cultures performed after the baseline visit, we cannot distinguish between some patients who had transient S. aureus colonization versus chronic infection. Furthermore, documentation Definition of abbreviations: CI = confidence interval; FEV 1 = forced expiratory volume in 1 second; RR = rate ratio. *Estimates for the number of exacerbations and number of hospitalizations are incidence rate ratios for group 2 (S. aureus at baseline) versus group 1 (no S. aureus and no Pseudomonas, Stenotrophomonas, or Burkholderia at baseline); the estimate for the change in FEV 1 is the difference in the mean change in FEV 1 for the same groups. † Adjusted for sex, age, smoking status, whether the subject had any pulmonary exacerbations in the 2 years before baseline, the prebronchodilator FEV 1 measurement (L) at baseline, and length of time between the baseline visit and the first follow-up visit. ‡ Adjusted for sex, age, smoking status, whether the subject had any pulmonary exacerbations in the 2 years before baseline, the prebronchodilator FEV 1 measurement (L) at baseline, and length of time between the baseline visit and the first follow-up FEV 1 measurement.
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of CF testing was not available for a substantial percentage of subjects, although it seems unlikely that CF would be commonly missed in the specialized centers participating in the Registry. Strengths of our study include the large cohort of patients enrolled from 13 sites across the United States, and the collection of data from the enrolling site, other treating physicians, and direct patient interview. Because of the similarity between CF and non-cystic fibrosis bronchiectasis, and the paucity of high-quality data regarding assessment and treatment decisions for patients with non-cystic fibrosis bronchiectasis, such decisions are often extrapolated from data obtained from patients with CF. Thus, it is appropriate to compare our results with those obtained from patients with CF. S. aureus is often the first bacteria infecting patients with CF, in contrast to our finding that patients with and without S. aureus were similar in age. The effect of S. aureus infection in patients with CF is debated (9) . Although such infection can be associated with increased levels of inflammatory markers, and worsened nutritional status, the significance of these findings is unclear, in part because attempts to eradicate the organism can lead to earlier infection with Pseudomonas (9, 17, 18). We noted more frequent prior exacerbations in patients with bronchiectasis with S. aureus, but no evidence of worsened outcomes or more rapid loss of pulmonary function. Finally, although we did not see any evidence of differences in patients with non-cystic fibrosis bronchiectasis infected with MRSA versus MSSA, in CF, MRSA is associated with worse lung function and more frequent hospitalizations (9) . The apparent differences between the significance of S. aureus infection in CF versus non-cystic fibrosis bronchiectasis provide further evidence that treatment decisions for patients with non-cystic fibrosis bronchiectasis that are based solely on extrapolation from CF studies may not be appropriate.
In summary, in this study of 830 patients enrolled in the BRR, S. aureus was isolated from 11% of subjects at baseline, and approximately one-third of these isolates were MRSA. Subjects who had S. aureus isolated had a greater number of exacerbations during the year before enrollment and a lower FEV 1 than patients who grew neither S. aureus nor Pseudomonas/Stenotrophomonas/ Burkholderia. During the follow-up period, after adjustment for patient characteristics, there was no significant difference in the rate of decline in FEV 1 , or the frequency of exacerbations or hospital admissions between subjects with S. aureus and subjects who grew none of these organisms. These results suggest that in patients with bronchiectasis, isolation of S. aureus might be a marker for more severe disease, but do not support S. aureus being a driver of more severe disease. n Author disclosures are available with the text of this article at www.atsjournals.org.
